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Abstract 


This  report  describes  an  ultrasensitive  receiver  for 
detecting  low-level  rf  signals  in  the  nanovolt  region.  The 
primary  purpose  of  the  instrument  is  to  detect  the  balance 
condition  in  rf  bridges;  however,  it  is  useful  in  any 
comparison  measurement  in  which  two  or  more  signals  can 
be  adjusted  in  phase  and  magnitude  such  that  their  summation 
results  in  a  null. 

The  receiver  frequency  is  determined  by  individual  plug- 
in  units.    Units  have  been  built  for  selected  frequencies 
from  100  kHz  through  30  MHz.     Detection  is  accomplished  by 
double  conversion.     The  first  converts  the  signal  of  interest 
to  a  common  intermediate  frequency;  the  second  performs  a 
dual  synchronous  (homodyne)  conversion.    The  dual  detectors 
are  sensitive  to  signals  in  quadrature  with  each  other.  A 
reference  voltage  synchronous  with  the  null  signal  is  required. 
Thus,  the  dual  detection  provides  an  indication  of  both  the 
phase  and  the  magnitude  of  the  null  unbalance. 

The  output  of  each  detector  is  displayed  on  a  zero-center 
meter,  thus  indicating  the  direction  of  unbalance  as  well  as 
the  magnitude.    This  information  is  also  available  at  a 
rear  panel  jack  for  use  in  servo  control  of  the  external 
system. 

Gain  adjustment  over  a  90  dB  range  is  provided  by  a 
single  front  panel  control.    Phase  adjustment  to  compensate 
for  differential  phase  delay  between  the  reference  and 
null  signals  is  accomplished  with  a  front  panel  360°  continuous 
phase  control. 
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NBS  RF  NULL  DETECTOR 
(Synchronous  Detector) 

I.     General  Information 

1.1  Introduction. 

This  document  contains  a  description,  specifications,  opera- 
ting instructions,  theory  of  operation,  parts  list,  schematics, 
and  wiring  diagrams  for  the  National  Bureau  of  Standards  RF 
Null  Detector,  Model  NBS/SND.     This  unit  is  a  general  purpose 
calibration  instrument  which  provides  both  magnitude  and  phase 
information  at  sensitivities  not  previously  available. 

1.2  Description 

This  unit  consists  of  a  main  frame  detector  assembly  which 
accepts  individual  specific  frequency  plug  in  units.     The  fre- 
quency coverage  of  the  Null  Detector  is  thus  limited  to  only  those 
plug  in  units  available.     This  instrument  has  been  designed  for 
extremely  high  sensitivity  consistent  with  simplicity  of  operation. 
The  detector  is  frequency  locked  to  the  signal  to  be  examined  and 
thus  requires  a  synchronous  reference  voltage.     A  single  gain  con- 
trol adjusts  sensitivity.     The  null  signal  is  indicated  by  two 
front  panel  center- indicating  meters.     A  continuously  variable 
phase  control  enables  in-phase  and  quadrature  components  of  the 
null  signal  to  be  displayed  individually  on  separate  meters. 


An  additional  unfiltered  rear  panel  output  is  provided 
directly  from  the  detector  which  can  be  used  for  servo  control 
of  external  systems. 

1.3  Specifications 

1.3.1  Frequency  Range: 

Frequency  is  determined  by  plug  in  units. 
100  kHz,  1  MHz,   10  MHz,  and  30  MHz  units  are 
presently  available. 

1.3.2  Maximum  sensitivity: 

Nominally  1  nanovolt. 

1.3.3  Dynamic  Sensitivity  Range: 

90  dB. 

1.3.4  Phase  control: 

360°  continuously  variable. 

1.3.5  Total  maximum  gain  to  Synchonous  detector  output: 

(for  servo  control)   150  dB. 

1.3.6  Reference  Voltage  Requirement: 

50-500  yv,  synchronous  with  input  signal. 

1.3.7  VCLO  Tracking  Range: 

Dependent  upon  plug  in,  nominally  ±  20  kHz. 

1.3.8  Noise  figure: 

2  dB. 

1.3.9  Input  Impedance: 

Nominally  50  Q,  Reference  and  Signal  Inputs. 
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1,3.10  Dimensions: 

13.3  cm  X  48.2  cm  W  x  43  cm  Deep  10.1  Kg 
(5%"H  X  19"W  X  17"  Deep)  . 
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2.0.     Operating  Instructions 
This  section  contains  information  and  instructions  for 
preparation  and  use  of  this  instrument  in  a  step-by-step  procedure. 

2  . 1     Introduct ion 

The  RF  Null  Detector  provides  synchronous  detection  of  low 
level  RF  signals.     The  instrument  uses  double  conversion.  The 
first  mixer  converts  the  incoming  RF  signal  to  the  main  frame 
20  kHz  IF  frequency.     This  is  accomplished  by  the  frequency  plug- 
in  unit  which  contains  a  VCLO  (Voltage  Controlled  Local  Oscillator) 
and  a  preamplifier  appropriate  for  the  frequency  desired.  The 
second  conversion  is  a  homodyne  or  synchronous  converter  (Synchro- 
nous Detector).     The  second  conversion  obtains  its  reference  L.O. 
(Local  Oscillator)   from  an  internally  generated  20  kHz  signal.  All 
RF  cables  are  semi-rigid  with  SMA  connectors,  with  one  exception, 
which  is  a  BNC  coupler. 

2.2     Description  of  Controls,  Connectors,  and  Indicators 

See  figures  2.1A  and  2. IB  for  location  and  description  of 
controls,  connectors  and  indicators. 

2.2.1     AC  Power. 

A^      AC  Power  Jack 
Ao      AC  Power  Switch 
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Fuse   (%  A. ) 

AC  Indicator  Lamp 


2.2.2  VCLO 

^1 

^2 

2.2.3  Null 


J28-J29  VCLO  outputs 

Provide  RF  power  to  J24-J25   for  first  mixers. 
J26  Reference  Voltage  Input 

Connects  reference  voltage  to  Reference  Amplifier 

Mixer. 

VCLO  Trim 

Provides  small   frequency  adjustments  to  VCLO  for 
tuning  precisely  20  kHz  above  incoming  reference 
signal  frequency. 
Frequency  Error  Meter 

Indicates  frequency  difference  between  VCLO  and 
external  reference  voltage. 
Lock  Switch 

Frequency  locks  the  VCLO  20  kHz  displaced  from  the 

reference  signal. 

Reference  Level  Indicator 

Indicates  adequate  reference  signal. 


J31-J39  RF  Signal  Input.  J31  on  Model  SND/PI-30A 
Plug  -  in . 
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J27-J30  connects  plug-in  preamplifier  to  main 
frame . 

Gain  Control 

Provides  up  to  90  dB  attenuation  for  initial  null 

adjustments. 

Phase  Control 

Provides  360°  continuously  variable  phase  adjust- 
ment for  the  internal  synchronous  detectors. 
C5  M2-M3 

Indicate  input  voltages.     (Nominally  ±  5.0  Nanovolts 
f.s.   @  maximum  gain  setting.)     Right-hand  meter 
indicates  quadrature  voltage   (90°  phase  displaced) 
with  respect  to  left  hand  meter. 
Cg       S2-S3   (Time  Constant) 

Control  meter  response  time  constant;  Fast  in  left 
position,  Slow  in  right  position  (approximately 
7:1  ratio). 

Cy      J8  Synchronous  Detector  output  (unfiltered) 
Pin  F  proportional  to  M2   (50  mV/10  y  amps) 
Pin  K  proportional  to  M3   (50  mV/10  y  amps) 
Pin  J  Ground. 

2.3     Operating  Procedures 

The  following  steps  must  be  performed  to  insure  accurate  and 
consistent  null  measurements. 
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2.3.1  These  preliminary  connections  and  checks  should 

be  performed  prior  to  applying  power. 

a.  Insure  AC  power  switch  is  off. 

b.  Connect  AC  line  cord  to  J6 . 

c.  Insert  appropriate  frequency  plug-in. 

d.  Connect  the  following  semi-rigid  RF  cables 
(supplied  with  unit)  : 

MAIN  FRAME  PLUG  IN 
Ref  to  VCLO  out.      (J24  to  J28) 
Sig  to  VCLO  out.      (J25  to  J29) 
Sig  in  to  Sig  out.      (J27  to  J30) 
WARNING:     DO  NOT  APPLY  AC  POWER  WITH  THESE  CABLES 
REMOVED.     PRE  AMP  MAY  BE  DAMAGED. 

e.  Lock  switch  off. 

f.  Time  Constant  switches  to  fast. 

g.  Gain  Control  to  min   (full  CCW) . 
Connect  Synchronous  Reference  Voltage  to  Ref  in, 
(J26)    (Do  not  exceed  500  yv)  . 
Connect  null  signals  to  Sig  In   (J31) . 
SND/P1-30A  contains  two  inputs  (J31-J39) 
NOTE:     Do  not  exceed  -20  dBm  (22  mv) . 
The  following  steps  are  required  to  insure  fre- 
quency lock. 

a.  Turn  power  on. 

b.  Adjust  frequency  trim  control  until  fre- 
quency error  meter  indicates  null.     Meter  should 
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2.3.2 
2.3.3 

2.3.4 


indicate  to  the  right  with  CW  rotation  of  VCLO 
trim  control.     Ref  Lamp  should  be  on  (indicating 
sufficient  reference  signal). 

c.  Lock  switch  to  Lock. 

d.  In  order  to  insure  VCLO  is  locked,  rotate 
VCLO  Trim  Control  a  small  amount.     The  Frequency 
Error  Meter  should  indicate  right  with  CW  rota- 
tion and  left  with  CCW  rotation.     Re-zero  the 
meter  with  the  trim  control. 

The  VCLO  is  now  locked  to  the  Ref.  Voltage  and  should  require 
no  further  attention  unless  the  unit  has  AC  power  interupted  or  the 
Reference  signal  is  lost.     The  frequency  error  meter  indicates  IF 
frequency  deviation  from  20  kHz.     Meter  sensitivity  in  the  locked 
position  is  nominally  1  Hz/2  yamp.     In  the  event  of  large  refer- 
ence frequency  drifts  resulting  in  frequency  error  indication  of 
more  than  20  yamps   (10  Hz) ,  either  the  external  signal  source 
should  be  readjusted  to  the  nominal  frequency  of  the  plug-in,  or 
the  VCLO  trim  control  should  be  adjusted  to  re-zero  the  meter. 
Note :     The  Automatic  Frequency  Lock  response  is  limited  to 

approximately  100  Hz.     A  rapid  change  in  the  reference 
frequency  can  exceed  the  tracking  response  of  the 
VCLO,  resulting  in  the  loss  of  frequency  lock.  This 
normally  results  in  off-scale  frequency  error  meter 
fluctuations  coupled  with  blinking  of  the  Ref  Level 
lamp.     If  this  occurs,  repeat  steps  b  through  d  of  2.3.4. 


2.3.5  Null  Measurement.     The  primary  function  of  this 

instrument  is  to  serve  as  the  detector  in  an  RF 
bridge  or  dual  channel  calibration  system  where 
the  null  balance  signal  is  to  be  reduced  to  the 
minimum  possible  value.     In  this  application  a 
null  unbalance  in  the  system  can  occur  as  a 
result  of  either  a  differential  magnitude  or  phase 
change  in  either  of  the  two  signal  paths.  This 
instrument  provides  the  capability  of  distinguish- 
ing between  the  two  types  of  unbalance  (magnitude 
and  phase)   and,  additionally,  of  indicating  the 
direction  of  the  unbalance  by  the  direction  of 
the  meter  deflection.     The  following  steps  are  to 
be  performed  to  reduce  the  null  signal  to  a  mini- 
mum value. 

Note:     In  order  to  assure  there  are  no  external  rf  leakage 
paths  from  the  external  system,  a  50  ohm  termination 
should  be  connected  to  the  signal  input,  and  the  gain 
turned  fully  CW.     No  meter  deflection  should  be  ob- 
served other  than  random  noise. 

2.3.5.1  Rotate  the  gain  control  CW  until  either  one  or  both 
meters  indicate  half  scale. 

2.3.5.2  Alternately  adjust  the  external  phase  and  magnitude 
controls  for  zero  meter  indications. 
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2.3.5.3  Repeat  steps  2.3.5.1  and  2.3.5.2  until  the  gain 
control  is  approximately  3/4  CW. 

2.3.5.4  Unbalance  the  external  system  a  small  amount 

by  using  its  magnitude  control.     Rotate  the  null 
detector  phase  control  until  the  left  hand  null 
indicating  meter  indicates  zero.     Adjustment  of 
the  external  system  magnitude  control  should  now 
be  indicated  on  the  right  hand  meter  only.  Re-zero 
the  right  hand  meter  with  the  magnitude  control 
and  unbalance  the  external  system  by  adjusting 
its  phase  control.     Only  the  left  hand  null  meter 
should  deflect.     Re-zero  the  left  hand  meter. 

!  '     2.3.5.5      Rotate  the  gain  control  CW  for  increased  meter 

I 

:  deflections   (increased  sensitivity) .     Reduce  the 

off-null  condition  by  adjusting  the  external 

I  system  as  indicated  in  2.3.5.4.     Repeat  quadrature 

separation   (2.3.5.4)  adjustment  if  necessary. 
2.3.5.6      Repeat  step  2.3.5.5  until  maximum  desired  sensitivity 

is  reached  or  until  an  adequate  null  is  achieved. 
Note :  In  order  to  take  advantage  of  the  full  sensitivity 

'  .  (lnv/10  ya) ,  it  is  normally  advantageous  to  switch 

the  meter  time  constants  to  "S"  when  maximum  gain 

is  approached  to  reduce  the  effects  of  random  noise 

fluctuations.     This  also  severely  restricts  the 

meter  response  to  system  changes,  thus  requiring 

very  slow  adjustments  in  the  external  system. 
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3.0.     Theory  o£  Operation 
The  following  section  contains  a  functional  description  of 
the  Null  Detector  operation.     A  Circuit  description  is  contained 
in  Section  4.0.     See  fig.   3.1  for  the  Block  Diagram  of  the  Null 
Detector.     See  fig.   3.2  and  3.3  for  RF  wiring  diagrams.     The  main 
frame  contains  six  modules  plus  the  power  supply  board  (MPS-1). 
The  plug-in  contains  two  modules  and  a  circuit  board  containing 
the  VCLO  trim  and  filter  components.     Some  frequency  plug- ins 
additionally  contain  a  third  module,  an  isolation  amplifier 
(Iso-Amp) . 

3.1     Reference  Channel 

The  RF  Null  Detector  is  a  double  conversion  frequency  locked 
receiver.     The  first  conversion  provides  a  common  main  frame  20 
kHz  IF  frequency.     The  second  conversion  is  a  homodyne  synchro- 
nous detection. 

The  homodyne  detection  requires  a  reference  signal  source 
synchronous  at  the  20  kHz  IF.     Due  to  the  critical  differential 
phase  stability  required  and  the  narrow  band  IF  amplifiers 
incorporated,   it  is  necessary  to  provide  a  local  oscillator  (L.O.) 
which  is  frequency  locked  to  the  incoming  signal.     Hereafter  the 
L.O.   is  referred  to  as  the  VCLO  (Voltage  Controlled  Local 
Oscillator) . 

3.1.1  VCLO 

The  20  kHz  IF  is  generated  by  using  a  common 
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Figure  3.2,        Main  frame  RP  wiring  diagram 

15 


-  PHASE  SHIFT. 
ASS'Y 

TOP  SIDE  HEmnveV  TO  IHOijJ 
K£SOLVee    1ND  COmPOHENlS 


5  K 


Figure  3.3.        Frequency  plug-in  wiring  diagram 
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VCLO   (located  in  the  frequency  plug-in)   as  a 
mixer  local  oscillator  for  both  the  null  signal 
and  the  reference  signal  provided  from  the  external 
system.     The  VCLO  output   is  coupled  to  the  mixers 
through  external  cables   (supplied  with  the  unit) . 
RF  leakage  from  the  Reference  signal   is  prevented 
from  entering  the  Null  channel  by  either  a  separate 
optional  Iso  Amp  or  by  providing  isolation  within 
the  VCLO  itself.     The  method  used  varies  with  each 
VCLO  and  is  covered  in  the  plug-in  options. 
3.1.2  Reference  Amplifier 

The  external  reference  frequency  signal  is  con- 
nected directly  to  the  reference  mixer  located 
within  the  reference  amplifier   (Ref  Amp) .  The 
reference  amplifier  is  a  three  stage,  20  kHz,   80  dB 
gain  Amplifier.     Up  to  20  dB  AGC  is  provided  to  insure 
a  constant  amplitude  reference  voltage  to  the  detec- 
tors,  independent  of  amplitude  changes  in  the  exter- 
nal reference  voltage.     The  Ref  Amp  contains  an 
additional  circuit,  which  lights  the  Ref  Level  Lamp 
when  the  20  kHz  Ref  Signal   is  adequate  for  detector 
operation.     Two  outputs   from  the  Ref  Amp  are  available. 
The  first  connects  the  20  kHz  signal  directly  to  a 
20  kHz  discriminator.     The  second  passes  through  the 
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phase  shifter  assembly  and  is  applied  to  the  Syn  Det 
(Synchronous  Detector)   to  provide  the  detector  refer- 
ence voltage. 

3.1.3  Phase  Shifter 

The  phase  shifter  assembly  contains  a  resolver  with 
appropriate  circuitry  to  provide  360°  of  Electrical 
phase  shift  for  360°  of  mechanical  rotation  of  the 
front  panel  phase  control  knob. 

3.1.4.  Discriminator 

The  first  output  from  the  Ref  Amp  is  applied  to 
the  discriminator   (Disc) .     The  discriminator  is  an 
unconventional   inductorless  20  kHz  discriminator, 
producing  a  bi-directional  voltage  proportional 
to  the  frequency  deviation  from  20  kHz.     This  devia- 
tion is  indicated  by  the  frequency  error  meter  on 
the  front  panel.     The  output  from  the  Discriminator 
is  amplified  and  connected  through  the  frequency 
lock  switch  to  the  VCLO  Control  Board  in  the  locked 
position.     In  the  unlocked  position  the  VCLO  Control 
is  grounded  and  the  output  amplifier  gain  is  reduced 
by  15  dB  to  provide  easier  frequency  trimming. 

3.1.5  VCLO  Control 

The  control  board  contains  the  servo  loop  filter  and 

a  provision  for  independent  tuning  of  the  VCLO  with 

the  frequency  trim  control.     This  control  allows 

precise  tuning  of  the  VCLO  to  20  kHz  above  the  in- 
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coming  reference  frequency  prior  to  locking  the  VCLO. 
3.2.0  Signal  Channel 

As  noted  in  3.1  the  instrument  is  a  double  conver- 
sion receiver.     Initial  preamplif icat ion  is  pro- 
vided by  the  preamplifier  located  within  the  fre- 
quency plug-in.     Its  output  is  mixed  with  the  com- 
mon VCLO,  thus  providing  a  20  kHz   IF   (first  conver- 
sion) which  is  synchronous  with  the  reference 
channel  IF. 

The  signal  channel  IF  and  the  Reference  Channel 
IF  are  then  synchronously  detected   (second  conver- 
sion).    This  output  is  amplified,   filtered,  and 
displayed  on  the  front  panel  Null  Meters . 
Pre  Amplifier 

The  null  signal  is  first  amplified  in  a  low  noise 
3  stage  66  dB  preamplifier   (Pre  Amp)   of  appro- 
priate frequency  for  the  individual  plug-in.  The 
output  from  the  Pre  Amp  is  connected  to  the  main 
frame  through  an  external  cable   (supplied  with  the 
unit)   from  J27  to  J30. 
Gain  Control 

The  Pre  Amp  output  is  connected  to  a  main  frame, 
front  panel  controlled,   90  dB  attenuator.  This 
attenuator  functions  as  a  gain  control.     The  out- 


3.2.1 


3.2.2 
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put  from  the  attenuator  is  connected  to  the  mixer 
of  the  signal  amplifier   (Sig  Amp) . 
Signal  Amplifier 

The  Sig  Amp  is  a  90  dB  gain   (including  the  mixer) 
20  kHz  Amplifier.     It  contains  three  stages,  two  of 
which  are  tuned,   resulting  in  a  narrow  band  ampli- 
fier.    Two  outputs  are  provided,  one  as  a  test 
jack,  and  the  second,  which  is  connected  to  the 
synchronous  detector   (Syn  Det)  input. 
Synchronous  Detector 

The  Syn  Det  is  in  fact  a  dual  detector,  each  channel 
of  which  is  a  full  wave  synchronous  detector.  These 
detectors  provide  a  wide  dynamic  range  in  order 
to  detect  a  signal  of  interest  in  the  presence  of  up 
to  +40  dB  of  noise.     A  fixed  90°  phase  shift  is 
inserted  in  one  reference  path  thus  making  one 
detector  sensitive  to  voltages  in  quadrature  with 
respect  to  the  other. 

Each  detector  has  two  outputs.     One  output  from 
each  detector  is  connected  to  rear  panel  connector 
J8  for  use  in  an  external  servo  control  circuit  if 
desired.     The  other  output  from  each  detector  is 
connected  to  the  meter  amplifier   (Met  Amp) . 
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NOTE :  Synchronous  detectors  are  characterized  by  their 

phase  sensitivity.     The  output  voltage  is  Ecos0 
where  9  is  the  phase  angle  between  the  reference 
and  the  signal  of  interest.     Thus,  at  0°  and  180°, 
the  detector  will  have  maximum  sensitivity  and 
the  output  is  bi-directional.     At  90°  and  270°  the 
output  will  be  zero  in  a  perfect  detector.  By 
inserting  the  90°  phase  separation  in  the  Reference 
voltages   for  the  detectors,   one  can  be  sensitive  to 
the  resistive  component  of  the  signal  while  the 
other  is  sensitive  to  the  reactive  component  of  the 
signal. 

If  there  is  capacitive  coupling  between  windings 
within  the  detector  transformer,  this  phase  separa- 
tion will  be  compromised,  so  the  transformers  used 
are  specially  NBS-designed  toroidal  units  to  approach 
the  theoretical  goal. 
3.2.5  Meter  Amplifier 

This  unit  contains  two  identical  DC  Amplifiers  with 
limited  frequency  response.     The  detector  outputs 
are  amplified  and  displayed  on  their  respective 
front  panel  Null  Meters.     An  additional  time  constant 
switch  is  available  for  each  circuit  to  reduce 
the  effect  of  indicated  noise  when  operating  in 
the  maximum  gain  position. 
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4.0     Maintenance  and  Circuit  Description 
The  following  section  contains  a  detailed  circuit  analysis 
of  each  individual  module  and  assembly.     Test  and  adjustment  pro- 
cedures for  each  separate  unit  are  included  in  each  subsection. 
Refer  to  Schematics  and  Parts  pictorials,   section  6,   for  parts 
ident if icat  ion . 


4.1.0  Main  Frame  Assembly  (fig.   7.1  -  3.2) 

4.1.1  The  main  frame  assembly  contains  the  wiring,  con- 
nectors, meters,  and  various  switches  which  inter- 
connect the  replaceable  modules. 

4.1.2  A  complete  functional  description  of  the  entire 
unit  is  contained  in  section  3.0.     No  additional 
circuitry  is  contained  independent  of  these  re- 
placeable modules,  which  are  treated  individually 
within  this  section. 

i         ^  4.1.3  Test  Procedures   (Plug  In  should  be  tested  first. 

!  See  Section  5 . 0) . 

I  a.     Connect  the  RF  Null  Detector  per  instructions 

I  2.3.1,   2.3.2,  and  2.3.4.      (Delete  cable  J27-J30  (C-2) 

I  and  install  a.  SO  Q,  termination  on  J27  and  J30.) 

Gain  control  fully  CW. 

i 

j  Null  meters  should  indicate  0  ±  1.0  ya. 

'  b.     Remove  termination  from  J2  7  and  connect  a  3  yv 

i  signal  synchronous  with  the  input  to  J2  6.  Adjust 

phase  control  for  0  indication  on  left  null  meter  and 
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positive  indication  on  right  null  meter. 

Right  null  meter  should  indicate  +30  ±  10  ya. 

c.  Rotate  Phase  Control  180°. 

Right  null  meter  should  indicate  negative  with 
the  magnitude  equal   to  b  ±  3  yamp. 

d.  Rotate  Phase  Control  90°  CW  from  c.  position 
for  zero  indication  on  Right  null  meter. 

Left  null  meter  should  show  indicated  value  of 
b .    C±  3  ya)  . 

e.  Rotate  Phase  Control  180°  from  d  position. 

Left  null  meter  should  indicate  negative  with  the 
magnitude  equal  to  d  (±  3  yamps) . 

f.  Power  off. 

Reconnect  the  cable  from  J27-J30. 
Repeat  steps  2.3.1,  2.3.2  and  2.3.4. 

Connect  50  Q  termination  to  Sig  In  on  the  Plug-in 
Gain  Max  CW. 

Null  meters  should  indicate  a  zero  average  with 
a  maximum  excursion  of  ±  15  yamps. 

T.C.   Switch  to  Slow,    (S) . 

Null  meters  should  indicate  a  zero  average  with 
a  maximuin  excursion  of  ±  5  ya. 
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g.     Connect  the  3  yv  signal  from  step  b  through  a 
60  dB  attenuator  to  Sig  In  on  Plug-in.     (If  two 
inputs  are  available  attach  a  50  termination 
to  one  input.) 

Repeat  steps  b  through  e  on  both  fast  and  slow 
time  constants. 

Outputs  should  indicate  the  previous  readings. 
Tolerance   -0  +  6  dB. 
•   '  NOTE  Meter  fluxuations  in  the  fast  position  will  re- 

quire visual  averaging  of  the  meter  indication. 

Meter  response  time   in  the  slow  position  will 
require  several  seconds  to  reach  the  final  value. 
4.2.0  Power  Supply  (fig.  7.1) 

4.2.1  All  DC  power  for  circuit  operation  is  provided 
from  the  master  power  supply  board   (MPS-1).  This 
board  is  supplied  with  AC  power  from  rear  panel 
connector  J6  via  the  front  panel  fuse  (fl)  and  AC 
power  switch  (S2). 

4.2.2  The  board  contains  five  commercial  dual  output 
regulated  power  supplies.     Three  units,  (PS1,2,3) 
are  adjusted  to  provide  ±  15  VDC  while  PS4  is 
adjusted  for  ±  14  VDC  and  PS5  is  adjusted  to  ±  10 
VDC. 
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PSl  provides  power  via  a  shielded  cable  to  the 
Signal  Amplifier  Module  through  P5 .     No  common 
power  ground  exists  on  MPS-1.     This  prevents  ground 
loops. 

PS2  supplies  DC  power  to  the  Discriminator  via 
plug  P2 ,  Reference  Amplifier  via  plug  PI,  and  the 
Meter  Amplifier  via  plug  P3. 

PS3  supplies  power  to  the  Synchronous  Detector 
through  P4 .      In  addition,   +  15  VDC  is  connected 
to  J7    (pin  6)    for  use  in  some  models  of  the  Fre- 
quency Plug- In. 

PS4   is  connected  such  that  the  negative  terminal 
is  grounded,   thus  providing  +  14  VDC  and  +  28  VDC. 
Each  of  these  voltage  sources  is  connected  to 
J7    (Pin  5,8)   for  a  preamplifier  voltage  selection. 
The  +  28  VDC  is  additionally  connected  to  DS2 
(reference  level  indicator  lamp) . 

The  positive  terminal  of  PS5  is  grounded  providing 
-20  VDC  to  J7   (Pin  4)   for  the  VCLO  within  the 
Frequency  Plug-In. 

Resistor  Rl  on  MPS-1  is  the  current  limiting  re- 
sistor for  DSl    (power  "on"  indication)   located  on 
the  front  panel. 
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4.2.3  Test  Procedures 

The  power  supplies  are  preadjusted  at  assembly. 
The  proper  voltages  are  listed  below. 


Measurement 

Point 

Voltaj 

7 

I\  X  ]J     J.  c 

P-2 

Pin 

A 

to 

H 

+15VDC 

+ 

2  0  0mV 

5mV 

Pin 

B 

to 

H 

-15VDC 

+ 

2  0  0mV 

5mV 

P-4 

Pin 

A 

to 

H 

+15VDC 

+ 

2  0  0mV 

5mV 

Pin 

B 

to 

H 

-15VDC 

+ 

2  0  0mV 

5mV 

P-5 

Pin 

A 

to 

H 

+15VDC 

+ 

2  0  0mV 

lOmV 

Pin 

B 

to 

H 

-15VDC 

+ 

2  0  0mV 

lOmV 

J-7 

Pin 

5 

to 

7 

+28VDC 

+ 

4  00mV 

lOmV 

Pin 

8 

to 

7 

+14VDC 

+ 

4  00mV 

lOmV 

Pin 

4 

to 

3 

-2  0VDC 

+ 

4  00mV 

lOmV 

4.3.0     Reference  Amplifier   (fig.    7.2   -  7.3) 

.  4.3.1  The  Reference  Amplifier  supplies  the  20  kHz  reference 

IF  within  the  main  frame .     It  is  generated  by  mixing 
the  VCLO  signal   (located  within  the  Frequency  Plug- 
In)   and  the  externally  supplied  reference  signal. 
4.3.2  The  Reference  Amplifier  requires  two  inputs,  +5 

DBM  local  oscillator  input  at  J14  and  50  to  500 
microvolts  at  J13.     The  frequency  range  is  100 
kHz  to  100  MHz  with  the  local  oscillator  20  kHz 
above  the  frequency  of  the  input  signal. 

The  two  inputs  are  heterodyned  in  a  commercial  mixer 

(Ml).     The  output  is  filtered  by  LPl    (50  kHz 

Low  Pass)   reducing  harmonics  and  L.O.  feedthrough 

at  low  frequencies.     Resistor  R4  provides  a  matched 

load  for  LPl,  and  CI  is  a  coupling  capacitor. 
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The  mixer  output  is  amplified  by  Ql .     Bias  is  pro- 
vided by  Rl ,  R2 ,  R3 ,  and  C2 .     R5  is  the  emitter 
resistor  and  C4  the  RF  bypass.     L3  in  conjunction 
with  C5  and  C21   (when  required)   are  tuned  to  20  kHz 
providing  in  excess  o£  50  db  gain  at  20  kHz. 

Transistors  Q2 ,  Q3 ,   and  Q7   function  as  a  voltage 
variable  gain  amplifier  which  automatically  pro- 
vides a  constant  output  voltage   independently  of 
input  changes.     Q2  is  an  emitter  follower  which 
provides  an  impedance  match  between  the  high  output 
impedance  of  Ql ,   and  the  low  input  impedance  of  Q3 , 
R6  and  R7  furnish  bias  for  Q2  while  R9  and  RIO  pro- 
vide bias  for  Q3 .     C6,  C7,   and  C8  are  coupling 
capacitors.   R8  is  an  emitter  resistor  for  Q2 . 

The  gain  of  Q3  is  determined  by  the  ratio  of  Rll , 
the  emitter  resistor,   and  the  collector  load.  The 
collector  load  is  composed  of  R12  and  Q7  a  dual 
gate  MOS  field  effect  transistor   (f.e.t.)  whose 
effective  resistance   is  controlled  by  the  gate  volta 
This  voltage  is  supplied  from  U2 .     The  output  voltag 
of  U2  thus  controls  the  gain  of  this  stage. 

Additional  gain  (XlOO)  for  the  module  is  provided 
by  Ul  and  its  associated  components  R13-R14.  The 
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output  from  Ul  is  coupled  by  C5  to  two  emitter 
followers  Q4  and  Q5 .     Common  bias  is  supplied  by 
R15-R16  while  R17-R18  are  the  respective  emitter 
resistors.     Q4  output  is  connected  to  J16  (Dis- 
criminator input)   via  C12,  while  the  output  of  Q5 
is  coupled  to  J15    (Phase  Shifter  input)  through 
CI  3. 

Automatic  gain  control  is  accomplished  by  sampling 
the  output  of  Q5  and  converting  it  to  a  negative  DC 
voltage.     This  voltage  is  generated  by  C14 ,   R19,  D19, 
and  CIS.     This  voltage  is  connected  to  one  side  of 
a  dual  resistor  divider  composed  of  R20,  R21 ,  R22, 
and  R23.     The  other  side  is  supplied  with  a  variable 
positive  voltage  from  R25  and  R26. 

The  output  of  the  divider  R20-R21   is  connected  to 
the  input  of  U2 ,   a  XlOO  gain  DC  Amplifier.  R27 
is  the  feedback  resistor.     The  output  of  U2  con- 
trols the  effective  resistance  of  Q7  through  the 
low  pass  filter  composed  of  R28-R29  and  C18. 

The  circuit  provides  automatic  leveling  by  the 
following  analysis:     Assuming  an  initial  stable 
condition,   an  increase  in  output  voltage  results  in 
a  larger  negative  voltage  at  the  voltage  divider. 
This  in  turn  results  in  a  negat ive -going  input  to 
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U2 .     U2  is  an  inverting  amplifier  which  provides  a 
positive  voltage  on  Q7  gate.     The  f.e.t.  decreases 
its  effective  resistance  thus  decreasing  the  gain 
of  Q6. 

The  output  magnitude  can  thus  be  controlled  by  ad- 
justment of  R25,  changing  the  level  at  which 
stability  exists. 

The  second  divider  controls  U3 ,  which  is  connected 
as  an  inverting  switch  for  Q6 .     When  the  input  for 
the  divider  is  insufficient  for  leveling  to  occur 
(less  than  50  yv  input) ,  the  output  from  the  divider 
composed  of  R22-R23  will  be  positive.     The  output 
from  U3  will  be   -15VDC  under  this  condition,  which 
will  prevent  conduction  of  Q6 .     When  the  amplifier 
output  rises  to  a  leveled  condition,  the  negative  vol- 
tage will  be  sufficient  for  the  input  to  U3  to  be 
negative,  which  provides  a  positive  output.  This 
positive  output  turns  Q6  on,  which  supplies  current 
to  DS2   (Reference  Level   Indicator).     R25  is  a 
base  current  limiting  resistor. 

Frequency  compensation  for  operational  amplifiers 
Ul,  U2,  and  U3  is  provided  by  C9,  C16,  and  C17. 

RF  decoupling  is  provided  by  filters  composed  of 

L1C3,  L2C11,  L4C19,   and  L5C20. 
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4.3.3  Test  Procedures 

Connect  the  Reference  Amplifier  as  indicated 
in  fig.  4-lA. 
^.        a.     Set  RF  Sig.   Source  #1  to  100  kHz. 
Adjust  output  to  100  yv. 
b.     Set  RF  Sig.   Source  #2  to  20  kHz  ±  100  Hz  above 
the  frequency  of  #1. 
Adjust  for  +5  dBM. 
.  '  c.     Connect  Scope  to  J15. 

Output  should  be  0.8VPP  (-0  +  0.5),   20  kHz. 
If  not,  adjust  R25   for  0.8VPP. 

d.  Reduce  RF  Sig.    Source  #1  to  50  yv. 

Output  should  remain  at  0.8VPP. 

e.  Increase  RF  source  #1  output  to  500  yv. 

Output  should  remain  at  0.8VPP. 

f.  Connect  scope  to  J16. 

Output  should  be  0.8VPP. 

g.  Repeat  a,  b,  d,  and  e  for  RF  source  #1  fre- 
quency settings  of  10  MHz,  30  MHz,  and  60  MHz. 
Do  not  readjust  R25. 

4.4.0     Phase  Shifter   (fig.  3.2) 

4.4.1  The  phase  shifter  provides  continuous  electrical 

phase  shift  of  the  20  kHz  reference  signal  with 

mechanical  rotation  of  the  assembly  shaft    (360°  of 

mechanical  rotation  equals  360°  electrical). 
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4.4.2  The  phase  shift  assembly  consists  of  a  commercial 
resolver  with  a  resistor-capacitor  divider  connected 
across  the  rotor  outputs.     The  20  kHz  signal  from 
J15  of  the  reference  amplifier  is  connected  to 

J22  of  the  phase  shift  assembly.     This  input  is 
connected  in  parallel   to  the  two  stators  of  the 
resolver.     When  the  impedance  of  the  capacitor  is 
approximately  equal   to  the  resistor  value,  the  out- 
put  from  the  RlCl  junction  is  a  cons t ant - ampl itude 
signal  whose  phase  with  respect  to  the  stator  in- 
put is  variable  with  mechanical  rotation  of  the 
input  shaft.     This  output  is  connected  to  J23  of 
the  assembly. 

4.4.3  Test  Procedures 

Connect  the  phase  shifter  as   indicated  in  fig.   4. IB. 

a.  Adjust  the  oscillator  to  20  kHz  ±  25  Hz  and 
0.8VPP. 

b.  Rotate  resolver  for  in  phase  signal. 

Output  should  be   1.3VPP  ±  O.IVPP. 

c.  Rotate  resolver  shaft  slowly  through  360 

mechanical  degrees.     Electrical  phase  shift 
should  rotate  through  360°.     Output  amplitude 
should  not  vary  more  than  O.IVPP. 
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4.5.0     Discriminator   (fig.    7.4   -  7.5) 

4.5.1  The  discriminator  controls  the  frequency  of  the  Vol- 
tage Controlled  Local  Oscillator  within  the  frequency 
plug-in.     It  maintains  the  local  oscillator  precisely 
20  kHz  above  the  external  reference  signals  by  pro- 
viding a  bi-directional  DC  voltage  proportional  to 
differential   frequency  deviation  from  20  kHz. 

4.5.2  The  Discriminator  input   (J17)   accepts  a  0.8VPP 
20  kHz  signal   from  the  reference  amplifier.  The 
signal  has  two  paths,   one  to  a  tuned  amplifier,  the 
other  to  a  90°  fixed  phase  shift  network. 

The  90°  phase  shift  is  generated  by  U3  and  U4 
with  their  associated  components.     U3  provides  a 
low  output  impedance  to  drive  one  input  of  the  phase 
shift  network   (R23,   R24 ,  C18).     C15  is  a  coupling 
capacitor  while  R19  provides  a  dc  ground  return 
for  the  amplifier  input.     The  output  of  U3  is 
phase  inverted  by  U4  producing  a  180°  shifted 
signal.     R20,  R21,  and  R22  provide  unity  gain.  The 
output  of  U4  is  connected  to  the  second  input  of 
the  phase  shift  network.     Adjustment  of  R24  pro- 
vides precisely  90°  phase  lag  from  the  input. 
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The  output  from  the  divider  is  amplified  by  U5 . 
R26  is  a  dc  ground  return  while  R25  and  R27  produce 
a  voltage  gain  of  10.     This  90°  phase  lagging  sig- 
nal is  coupled  to  the  discriminator  circuitry  via 
C9. 

The  tuned  circuit  for  the  discriminator  is  an  active 
filter  composed  of  Ul  and  its  associated  components, 
(Rl,   R2 ,  R3,  R4,  CI  and  C2).     This  narrow  band  fil- 
ter is  tuned  to  precisely  20  kHz  by  adjustment  of 
R3 .     U2  and  its  associated  components,  R5 ,  R6 , 
and  R7  invert  the  tuned  signal  at  unity  gain.  The 
in-phase  and  180°  out-of-phase  signals  are  coupled 
to  the  discriminator  circuitry  by  C8  and  CIO. 
These  three  signals  generate  a  bi-directional  dc 
voltage  proportional  to  frequency  deviation.  This 
voltage  is  produced  by  subtracting  the  voltages  of 
two  rectifiers.     Each  of  these  rectifies  the  output 
of  a  separate  voltage  divider.     One  is  composed  of 
R8-R9  and  the  other  by  R11-R12.     These  dividers 
have  a  common  terminal  coupled  to  the  90°  phase- 
shifted  signal.     R12   is  coupled  to  the  180°  signal 
while  R8  is  coupled  to  the  in-phase  signal. 

The  divider  output  voltages  will  be  of  equal 

magnitude  at  20  kHz,   and  thus  the  dc  voltage  developed 

across  R13C11  will  be  equal  to  that  across  R14C12. 
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Their  subtraction  results  in  0  dc  potential  from 
R28  to  pin  3  of  U6 .     C6  provides  an  ac  ground  for 
the  divider  while  RIO  serves  as  a  dc  return  for  the 
rectified  current.     Dl  and  D2  serve  to  rectify  the 
ac  signal. 

When  the  input  signal  rises  in  frequency  the  action 
of  the  tuned  circuit  provides  a  phase  delay  with 
respect  to  the  input.     In  this  condition  the  output 
of  divider  R11-R12   increases  since  the  two  signals 
are  more  nearly  in  phase.     The  inverse  is  true  for 
the  divider  composed  of  R8-R9,  since  they  will  be- 
come farther  out  of  phase. 

Since  the  AC  input  to  Dl   is  decreasing  while  the 
signal  input  to  D2  is  increasing,  the  rectified  vol- 
tage will  also  undergo  similar  changes.     The  net 
result  will  be  a  negative  potential  applied  to  the 
input  of  U6 .     The  inverse  will  be  true  when  the 
frequency  decreases. 

This  bi-directional  voltage  proportional  to  fre- 
quency is  amplified  by  U6 .     The  gain  is  determined 
by  the  ratio  of  R15,  R16,  and  R17.     The  frequency 
lock  switch  (SI  on  the  front  panel)    is  connected 
such  that  R16  is  in  parallel  with  R17  in  the  un- 
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locked  position,   reducing  the  gain  of  U6  by  5.5.  The 
output  o£  U6  is  connected  to  the  VCLO  through  J7 
(pins  1,2)   in  the  locked  position  and  controls  the 
VCLO  frequency.     The  output  of  U6  is  also  connected 
to  the  Frequency  Deviation  Meter   (Ml)   through  R18 , 
producing  a  front  panel  display  of  the  frequency 
deviation  from  20  kHz. 

Capacitors  C3 ,  C4 ,  C5,  C7 ,  C14 ,  C17,   and  C19  pro- 
vide frequency  compensation  for  the  respective 
operational  amplifiers. 

L1C20,  L2C21  provide  dc  filters  for  the  input  power. 
Pins  f  and  k  of  J2  are  shorted  to  make  this  unit  com- 
patible with  a  prototype  model. 
Test  Procedures 

Connect  the  Discriminator  as  indicated  in  fig.  4.I.C. 

a.  Connect  #2  scope  input  to  Ul  Pin  6   (TPl) . 
(See  Parts  Pictorial) 

Adjust  R3  for  precisely  180°  shift  (output  6-8VPP). 
(Phase  meter  can  be  used  if  available.) 

b.  Connect  #2  scope  input  to  U2  Pin  6  (TP2). 
Output  should  be   in  phase  and  of  equal  magni- 
tude to  TPl  output. 

c.  Adjust  R24  for  zero  indication  on  the  50-0-50 
ya  meter. 
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d.  Adjust  audio  oscillator  frequency  for  -50  ya 
indication  on  frequency  deviation  meter   (Ml) . 
Counter  should  indicate  20035  ±  5  Hz . 

e.  Record  frequency. 

Adjust  audio  oscillator  frequency  for  +50  ya 
indication  on  frequency  deviation  meter   (Ml) . 
Counter  should  indicate     20  kHz  minus  deviation 
in  previous  reading  ±  3  Hz . 

f.  Connect  Pin  D  and  E  of  J2 . 

g.  Adjust  audio  oscillator  frequency  for  -50  ya 
indication  on  meter  Ml. 

Counter  should  read  20250  ±  50  Hz. 

h.  Adjust  audio  oscillator  frequency  for  +50  ya 
indication  on  meter  Ml. 

Counter  should  read  19750  ±  50  Hz. 
4.6.0     Signal  Amplifier   (fig.    7.6  -  7.7) 

4.6.1  The  signal  amplifier  provides  a  20  kHz   IF  signal 
generated  from  the  VCLO  input  and  the  output  of 
the  manual  gain  (front  panel)   control.     This  Ampli- 
fier has  90  dB  gain. 

4.6.2  The  signal  amplifier  requires  two  inputs,   a  +5  DBM 
to  the  LO  input  J9  and  a  signal  of  no  more  than 
100  yv  to  JIO.     The  frequency  range  is  100  kHz  to 
100  MHz  with  the  LO  input  20  kHz  above  the  signal. 
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The  two  inputs  are  heterodyned  in  a  commercial  mixer 
(Ml).     The  output   is  filtered  by  LP-1,    (a  50  kHz 
Low  Pass)   reducing  harmonics  and  LO  feedthrough 
at  low  input  frequencies.     Rl  provides  a  matched 
load  for  LPl ,   and  C2  is  the  coupling  capacitor. 

The  mixer  output  is  amplified  in  a  tuned  circuit 
composed  of  Ql  and  associated  parts.     R3 ,  R4 ,   R5 , 
and  CI  provide  bias  while  R2  is  the  emitter  resistor. 

C3  is  the  RF  bypass.     Tuning  is  accomplished  by 
LI  and  C4 .     R23  may  be  added  at  assembly  to  pro- 
vide precise  tuning. 

Impedance  matching  to  Ul   is  accomplished  by  Q2 , 
an  emitter  follower.     Bias  for  Q2   is  provided  by 
R6  and  R7 .     R8  is  the  emitter  resistor  while 
C6  and  C7  are  coupling  capacitors. 

R9  and  feedback  resistor  Rll  produce  a  gain  of  10 
by  U2 .     RIO  is  a  dc  return  for  Ul . 

The  output  of  U2  is  coupled  directly  to  an  active 
filter  composed  of  U2  and  associated  components 
R12,  R13,  R14 ,  R21,  Cll ,   and  C12.     This  amplifier 
furnishes  a  gain  of  100  with  a  1  kHz  bandwidth. 
Tuning  adjustment  is  provided  by  R21. 

Two  emitter  followers,  Q3  and  Q4 ,   furnish  identical 

38 


outputs  from  the  module.     Common  bias  from  R15-R16 
controls  both  Q3  and  Q4  while  C16  is  the  coupling 
capacitor.     R17-R19  and  C17-C19  provide  individual 
decoupling  from  the  dc  power.     R18  and  R20  are  the 
emitter  resistors  while  C18  and  C20  couple  the  sig- 
nals to  Jll  and  J12. 

Capacitors  C8,  C9,  CIO,  C13,  C14 ,  and  CIS  provide 
frequency  compensation  for  their  respective  ampli- 
fiers. 

Power  line  filtering  is  provided  by  filters  com- 
posed of  L2C5,   L3C21,  and  L4C22. 
Test  Procedures 

Connect  the  Signal  Amplifier  as   indicated  in  fig.  4.2A. 

a.  Set  RF  signal  source  #1  to  100  kHz. 
Reduce  output  to  less  than  1  yv. 

b.  Set  RF  signal  source  #2  to  20  kHz  ±  100  Hz 
above  the  frequency  of  signal  source  #1.  Adjust 
for  +5  DBM. 

c.  Connect  oscilloscope  to  Jll. 

Noise  output  should  be  less  than  lOOMVPP 
on  scope. 

d.  Increase  the  output  of  RF  signal  source  #1  to 
30  yv.     Adjust  R21  for  maximum  indication  on 
oscilloscope.  Output  should  be  2VPP  minimum  at 
2  0  kHz. 
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e.  Connect  oscilloscope  to  J12.     Output  should  be 
identical  to  that  at  Jll . 

f.  Repeat  above  steps  for  RF  signal  source  #1  fre- 
quencies of  10  MHz,  30  MHz  and  60  MHz  as  desired. 
DO  NOT  READJUST  R2 1 . 

4.7.0     Synchronous  Detector   (fig.   7.8   -  7.9) 

4.7.1  The  Synchronous  Detector  contains  two  identical 
homodyne  or  synchronous  detectors  whose  output  vol- 
tage is  Ecos9,  where  E  is  the  signal   input,   and  0 
is  the  phase  angle  between  the  signal  and  Reference 
voltages.     A  90°  phase  shift   is  inserted  in  one 
Reference  path,  making  that  detector  sensitive  to 
signals  in  quadrature  with  respect  to  the  first 

s  ignal . 

4.7.2  The  1.3VPP  20  kHz  reference  signal   from  the  phase 
shift  assembly  is  injected  at  J18 .     CI  is  the  coup- 
ling capacitor  and  Rl  a  ground  return  for  Ul . 

Ul   is  a  unity  gain  voltage  follower.     Its  output 
is  phase  inverted  at  unity  gain  by  U2  and  asso- 
ciated resistors  R2 ,  R3 ,  and  R4 .     The  output  of  U2 
is  the  input   for  the  Reference  Driver   (113)   for  the 
#1  detector.     The  output  of  the  voltage  divider  . 
composed  of  C4,  R5 ,   and  R6  is  adjusted  for  a  90°  lead- 
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ing  signal  by  R5  and  furnishes  the  input  for  the 
second  detector  driver  U6 .     The  two  detectors  are 
identical  and  only  the  number  one  detector  will  be 
discussed.     U3  with  R7 ,  R8 ,  and  R9  amplify  the 
input  signal  with  a  gain  of  5,  which  in  turn  is 
connected  to  Tl  through  RIO,  a  damping  resistor. 

The  detector  is  an  8-diode  full  wave,  wide  dynamic 
range,  synchronous  detector.     The  circuit  is  designed 
to  detect  synchronous  signals  in  the  presence  of 
up  to  40  db  noise. 

This  requires  a  reference  voltage  of  sufficient 
magnitude  to  control  diode  switching  in  the  pres- 
ence of  the  maximum  noise  peak. 

Tl  is  a  10:1  step  up  transformer  which,  when  connected 
to  the  dual  diode  paths,  alternately  switches  each 
set  of  diodes  into  conduction  for  half  of  each  cycle 
of  signal.     The  large  voltage  step-up  insures  the 
diode  conduction  is  controlled  by  the  reference 
voltage  instead  of  the  noise  voltage  from  T3.  C6 
tunes  the  transformer  to  approximately  2  0  kHz  to 
present  a  non-reactive  load  to  the  driver,  U3 . 

The  signal  to  be  detected  from  J19  is  coupled  in 

common  to  both  detectors  by  C8  and  CIO.     Only  that 

path  to  #1  detector  will  be  discussed.     U4  in  con- 
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junction  with  Rll ,  R12 ,  and  R13  is  a  unity  gain 
amplifier  which  drives  T3   (a  1:3  step  up)  through 
R14  a  damping  resistor.     C7  tunes  the  transformer 
just  as  C6  does. 

When  no  signal  is  present  the  current  in  R27  alter- 
nately changes  direction  for  each  half  cycle. 
When  a  signal   is  in  phase  with  the  reference  sig- 
nal,  current   in  the  load  resistor  R27  due  to  the 
signal  voltage  will  flow  only  in  one  direction  due 
to  the  alternate  switching  of  the  diodes.  Noise 
voltages  which  are  of  random  phase  with  respect  to 
the  reference  can  flow  in  both  directions  creating 
an  average  of  zero. 

When  a  signal  is  90°  or  270°  with  respect  to  the 
reference  voltage,  the  current  in  the  load  resistor  will 
reverse  direction  for  half  of  the  cycle  thus  giving 
a  net  voltage  of  zero.     The  detector  is  therefore 
insensitive  to  quadrature   (90°,  270°)  voltages.  R23- 
R26  are  current  limiting  resistors  for  the  diodes. 
Detector  output  is  taken  from  J4   (pin  C  and  D) . 

Capacitors  C2 ,  C3 ,  C5,  C9 ,  Cll ,  and  C12  provide  fre- 
quency compensation  for  their  respective  operational 
amplifiers. 

DC  power  is  filtered  by  L1C15  and  L2C16. 
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Test  Procedures 

Connect  the  Synchronous  Detector  as  indicated 

in  fig.   4.2B.     See  Parts  pictorial  and  schematics 

for  parts  identification. 

a.  Observe  voltage  at  J18  with  scope  input  #2. 
Adjust  Phase  Shifter  for  in-phase  condition. 
Voltage  should  be  1.2VPP  (±  0.1). 

b.  Observe  voltage  at  R23--R24   (TPl) . 

Voltage  should  be  30VPP  (±  2.5),   180°  out 
of  Phase. 

c.  Observe  voltage  at  R25-R26  (TP2). 

Voltage  should  be  30VPP  (±  2.5)    in  phase. 

d.  Observe  voltage  at  R28-R29  (TPS). 

Voltage  should  be  30VPP  (±  2.5),  90°  leading 
the  input  signal. 

e.  Observe  voltage  at  R30-R31  (TP4). 

Voltage  should  be  30VPP  C±  2.5),  90°  lagging 
the  input  signal. 

f.  Connect  Phase  Meter  input  #1  to  junction  of 
R21-R22   (TPS).     Connect  Phase  Meter  input  #2  to 
junction  of  R9-R10   (TP6) . 

Phase  angle  should  be  90°  ±  0.1°.     If  not, 
adjust  R5 . 

g.  Connect  DVM  to  J4  Pin  F.     Disconnect  OSC  from 
J19.     Short  J19. 
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Voltage  indicated  should  be  less  than  4  mv. 

Connect  DVM  to  J4  Pin  E.     Voltage  indicated 

should  be  less  than  4  mv. 
Remove  short  from  J19.     Connect  audio  oscillator 
to  J19. 

Connect  #1  Phase  meter  input  to  J19. 

Connect  #2  Phase  meter  input  to  J18. 

Connect  DVM  to  pin  E,  J4 . 
Monitor  audio  oscillator  output  for  0.8VPP  during 
the  following  steps. 

Adjust  phase  shifter  for  0.000  VDC  (±  1  mv)  on 
Pin  E  with  nominal  7°  indication  on  Phase  meter. 
Record  Phase  angle. 

Adjust  phase  shifter  for  0.000  VDC   (±  1  mv)  on 
Pin  E  with  nominal  187°  indication  on  Phase  meter. 
Record  Phase  angle. 

Difference  in  reading  should  be  180°   (±  1°). 
Connect  DVM  to  pin  F ,  J4 . 

DVM  should  read  0.85  VDC  (±  0.05). 
Adjust  phase  shifter  for  0.000  VDC   (±  1  mv)  on 
Pin  F,  J4 ,  with  approximately  97°  indicated  on 
Phase  meter. 
Record  Phase  angle. 
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Adjust  phase  shifter  for  0.000  VDC   (±  1  mv)  on 
Pin  F  with  approximately  277°   indicated  on 
Phase  meter. 
Record  Phase  angle. 

Difference  in  phase  angle  should  be  180°   (±  1.0) 
Connect  DVM  to  Pin  E  of  J4 . 

DVM  should  read  0.85  VDC   (±  0.05) 
Average  Phase  angle  readings  1  and  2. 
Average  Phase  angle  readings  3  and  4. 
, '  '        Differences  between  averages  should  be  90°  ±  1°. 

4.8.0     Meter  Amplifier   (fig.    7.10   -  7.11) 

4.8.1  The  meter  amplifier  contains  two  low  pass  DC  ampli- 
fiers, each  of  which  amplifies  one  detector  output 
for  display  on  the  front  panel  null  meters.     An  addi- 
tional filter  capacitor  is  provided  to  increase  the 
indicated  meter  response  time  constant.  These 
capacitors  are  activated  by  the  front  panel  time 
constant  switches. 

4.8.2  The  two  amplifiers  are  identical  so  only  one  will 

be  discussed.     The  frequency  response  of  the  synchro- 
nous detector  signal  at  Pin  C  is  reduced  by  the  low- 
pass  filter  composed  of  RlCl .     The  front  panel  Time 
Constant  switch  provides  a  ground  for  C2  when 
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activated,  thus  decreasing  the  frequency  response 
of  the  filter  by  approximately  a  7:1  ratio.     Ul  with 
R2-R3  provide  an  amplification  of  4 .     R6  is  a  cur- 
rent limit  resistor  for  the  Null  meter,  which  pro- 
vides a  meter  sensitivity  of  200  mV/10  ya.  R4-R5 
provides  a  DC  output  balance  for  the  amplifier.  C3 
provides  frequency  compensation  for  the  amplifier. 
4.8.3  The  following  steps  should  be  performed  to  insure 

proper  operation  of  this  assembly. 

a.  Connect  ±  15  VDC  to  the  appropriate  pins  of  J3 . 
(Allow  10  min.  warm  up.) 

b.  Connect  ±  50  ya  meter  to  pin  F(+)   and  ground 
(-)  of  J3. 

c.  Short  Pin  c   (J3)  to  ground. 

Meter  should  indicate  zero.     If  not,  adjust 
R5  for  zero  indication. 

d.  Connect  +  200  mV  to  Pin  c. 

Meter  should  indicate  +  40  yamps. 

e.  Connect   -200  mV  to  Pin  c. 

Meter  should  indicate  -40  yamps. 
Remove  -200  mV  to  Pin  c. 

f.  Connect  low  frequency  oscillator  to  Pin  c. 

Connect  oscilloscope  to  TPl . 

Set  oscillator  for  1  Hz  @  200  mV  PP. 
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Output  on  oscilloscope  should  indicate  175- 
225  mVPP. 

g.  Short  Pin  e  to  ground. 

Output  should  indicate  30-40  mVPP. 

h.  Repeat  all  steps  above  for  second  amplifier. 

Check  output  on  TP2 . 
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5.0     Frequency  Plug- In 
The  following  section  contains  a  detailed  description  of 
the  various  units  and  parts  contained  in  each  of  the  plug- in 
available  for  use  in  the  main  frame  assembly.     Where  modules 
which  were  designed  at  NBS  are  included,  circuit  description  is 
provided.     Schematics  and  wiring  diagrams  are  included  within 
Section  7.     Parts  lists  are  included  in  Section  6. 


5.1.0  Plug-in  SND/PI-30A  (fig.   3.3  -  7.12) 

5.1.1  This  30  MHz  unit  provides  the  local  oscillator  vol- 
tages for  the  reference  and  signal  channel  first 
mixers,  the  signal  summation  junction  for  use  in 
dual  channel  null  calibrations,  and  the  preampli- 
fier for  the  signal  channel. 

5.1.2  The  reference  and  signal  channel  first  mixers  re- 
quire a  L.O.  which  is  20  kHz  above  the  Plug-in 
frequency.     This  is  provided  by  a  commercially 
purchased  VCLO  which  is  tuned  to  30020  kHz  with 

the  control  voltage  grounded.     (Sensitivity-6kHz/V) . 
Frequency  control  is  provided  by  a  control  circuit 
mounted  on  a  printed  circuit  board  located  on  the 
left  side  of  the  plug-in. 

This  control  functions  as  follows:     In  the  un- 
locked position  of  the  NBS/SND  frequency  lock 
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switch  Pin  2  of  P7  is  grounded.     The  resistor 
divider  composed  of  Rl ,  R3 ,  R4 ,  and  R5  will  pro- 
duce zero  voltage  at  the  junction  of  R3-R5  by 
adjustment  of  R4 ,  which  is  the  front  panel  frequency 
trim  control.     This  junction  is  connected  through 
a  low  pass  filter  composed  of  R2 -CI  to  the  control 
terminal  of  the  VCLO.     The  low  pass  filter  deter- 
mines the  tracking  response  of  the  VCLO.  When 
the  NBS/SND  lock  switch  is  in  the  locked  position, 
the  output  of  the  Disc  is  connected  to  Rl  through 
Pin  2  of  P7.     The  output  voltage  of  the  Disc 
thus  controls  the  voltage  at  the  VCLO  control  ter- 
minal.    This  control  voltage  is  of  the  proper 
polarity  and  magnitude  to  precisely  maintain  the 
VCLO  20  kHz  above  the  reference  voltage.  This 
insures  IF  frequency  stability  independent  of  drift 
in  either  the  Reference  or  VCLO. 

The  VCLO  has  two  outputs  whose  magnitude  are  in- 
dependently adjustable  by  a  screwdriver  adjust- 
ment.    These  adjusting  screws  are  located  under 
nylon  cap  screws  on  top  of  the  VCLO.     The  two 
outputs  have  a  minimum  of  60  dB  isolation  at 
30,000  kHz  to  insure  isolation  of  Reference  and 
the  signal  channel. 
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This  plug-in  is  a  special  purpose  unit  designed  to 
be  used  in  a  dual  channel  attenuator  calibrator 
in  which  the  channels  are  adjusted  for  equal  out- 
put voltages.     The  plug-in  contains  the  summation 
hybrid,  which  produces  a  null  when  the  input  vol- 
tages are  of  equal  magnitude  and  are  precisely 
in  phase.     If  a  single  input  is  to  be  measured, 
this  unit  can  be  used  with  a  3  dB  loss  of  sensi- 
tivity by  installing  a  50  Q  termination  on  the 
second  input  jack. 

The  output  from  the  hybrid  is  connected  to  a  66  dB 
Pre  Amp  located  at  the  right  side  of  the  plug-in. 
The  Pre  Amp  output  is  connected  to  the  Sig  Out 
jack  at  the  front  panel. 
5.1.2  Pre  Amplifier   (fig.   7.13  -  7.14) 

5.1.2.1  The  Pre  Amp  provides  66  dB  gain  at  30  MHz. 
This  unit  is  specially  designed  to  insure 
precisely  50  Q,  input  impedance  consistent 
with  a  low  noise  figure. 

5.1.2.2  This  amplifier  is  a  three-stage  tuned  amplifier 
operating  from  28  VDC.     The  input  signal  is 
coupled  through  C2 .     Bias  for  Ql  is  provided 
through  R2  by > adjustment  of  Rl .     CI  and  C3  are 
RF  bypass  capacitors.     LI  and  C4  furnish  input 
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tuning,  while  R3 ,  R4 ,   and  C4  enable  the  input 
impedance  to  be  precisely  adjusted  to  50  Q. 
These  adjustments  are  made  during  construction 
and  test  and  should  not  be  adjusted  without 
special   instructions  from  NBS. 

The  first  stage  is  tuned  to  30  MHz  by  C6-C7 
in  conjunction  with  L2 ,     R5  is  a  damping  re- 
sistor to  lower  the  Q. 

The  second  stage  of  amplification  is  provided 
by  Q2 .     C8  is  a  coupling  capacitor  and  Tl  in 
conjunction  with  C13  is  tuned  to  30  MHz.  Bias 
is  furnished  by  R8 ,  and  the  output  signal  is 
coupled  to  the  final  stage  of  amplification, 
Q3 ,   from  the  center  tap  of  Tl  through  C14. 

Bias  current  for  Q3   is  furnished  by  RIO.  Out- 
put tuning  is  provided  by  T2  and  C17.     The  out- 
put is  coupled  from  T2  to  J33  through  C8  from 
a  tap  selected  to  offer  a.  SO  Q,  output  impedance, 

RF  decoupling  is  accomplished  by  filters  com- 
posed of  R6C1,   R7C10C11,   R9C15C16,   and  RF 
filter  C9C12.     Additional   filtering  is  provided 
by  ferrite  beads  on  the  resistor  leads.     Dl  . 
is  a  zener  diode  to  reduce  the  supply  voltage. 
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5.1.2.3     Test  Procedures 

Insert  the  SND/PI-30A  into  a  NBS/SND.     Do  not 
connect  the  interconnecting  cables. 

a.  Connect  a  30  MHz  generator  to  the  Sig  In. 
Connect  a  50       load  to  the  second  input. 
Connect  a  50       RF  power  meter  to  Sig  Out. 

b.  Set  30  MHz  generator  to  -70  dBm  (70  yv) . 
Energize  the  AC  power. 

Output  power  should  be  -9  min  -3  max  dBm. 

c.  Repeat  b  with  Sig  In  connections  reversed. 
Output  power  should  be  within  0.1  dB.  Shut 
off  all  power. 

d.  Attach  the  RF  cable  from  Sig  Out  of  the 
SND/PI-30A  to  Sig  of  NBS/SND.  Connect 
power  meter  to  either  VCLO  output. 
Energize  AC  power. 

RF  power  should  be  4.5  ±  0.5  dBm. 

If  not,  adjust  Osc  output  control  under  cap 

screw  on  VCLO. 

e.  Repeat  d  for  second  VCLO  output. 

f.  Connect  the  RF  cable  from  left  VCLO  output 
to  Ref.  L.O.   input.     Connect  a  frequency 
counter  to  the  right  VCLO  output.     Set  freq 
trim  control  full  CCW. 

Frequency  should  be  30025  kHz  min. 
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Set  freq  trim  control  full  Cw. 
Frequency  should  be  30015  kHz  max. 

g.  Connect  100  yV  30000  ±  1  kHz  signal  to  the 
Re£  input.     Lock  Switch  to  unlock. 
Adjust  VCLO  trim  control  for  0  indication 
of  the  freq  error  meter  with  Ref  Indicator 
lamp  on.     Note  frequency  counter  indication. 
Adjust  VCLO  trim  for  -50  ya  indication. 
Frequency  should  be  +300  ±  100  Hz  from 
reading  at  0  ya. 

Adjust  VCLO  trim  for  +50  ya  indication. 
Frequency  should  be  -300  ±  100  Hz  from 
reading  at  0  ya. 

h.  Rezero  freq  error  meter  with  VCLO  trim 
control  and  switch  freq  lock  to  lock  posi- 
tion.    Note  frequency  reading.  Adjust 
VCLO  trim  control  for  -50  ya,  switch  lock 
to  unlock  and  note  frequency  reading. 
Frequency  should  be  3  kHz  minimum  from 
first  reading. 

i.  Repeat  step  h  except  adjust  VCLO  for 
+50  ya. 

Frequency  should  be  -3  kHz  min  from  first 
reading. 
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6.0     Parts  List 

6.1  Introduction 

This  section  contains  information  necessary  in  ordering  re- 
placement parts.     Table  6.1  lists  parts  in  alpha -numerical  order 
by  reference  designations.     The  list  is  arranged  so  that  the 
components  on  each  printed  circuit  board  are  listed  together. 
Where  possible,  the  manufacturer  and  manufacturer's  part  number 
are  included. 

A  few  parts  listed  will  not  be  identical  to  those  found  in 
some  instruments.     The  list  contains  the  preferred  component; 
and  if  it  is  necessary  to  replace  it,  the  one  listed  should  be 
used  rather  than  one  identical  to  the  defective  part. 

Certain  commercial  equipment,  components,  or  materials  are 
identified  in  this  paper  in  order  to  adequately  specify  the  equip- 
ment.    In  no  case  does  such  identification  imply  recommendation  or 
endorsement  by  the  National  Bureau  of  Standards,  nor  does  it  imply 
that  the  material  or  equipment  identified  is  necessarily  the  best 
available  for  the  purpose. 
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7.0  Schematics,  V/iring  Diagrams,   and  Ccmponent  Location 

7.1  Introduction. 

This  section  contains  schematics,  parts  pictorials,  and 
wiring  information  for  all  non -purchas ed  assembly.     This  sec- 
tion also  contains  complete   information  on  the  various  Plug-in 
units   available . 
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MASTER  WIRING  DIAGRAM 
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Figure  7.1         NBS/SND  master  wiring  diagram 
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Figure  7.2         Reference  amplifier  schematic 
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Figure  7.3.         Reference  amplifier  parts  pictorial 
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Figure  7.5.        Discriminator  parts  pictorial 
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Figure  7.11.      Meter  amplifier  parts  pictorial 
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Figure  7.12.      SND/PI-30A  schematic 
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Figure  7.13.      30  MHz  Pre  Amp  schematic 
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Figure  7.14.      30  MHz  Pre  Amp  parts  pictorial 
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